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Abstract 
Industrial production is inevitably heading towards the Intelligent Factory. The role of the designer lies in exploiting the 
adaptability of robotic manufacturing process to the customers’ individual requirements. The frame is defined by intellectual 
capabilities of the designer, CAD modeling capability and limitations of both physical and financial aspects of robotized 
production. The young generation of designers are aware of this phenomenon, preparing predominantly in CAD modeling. 
However, simple models are created, which is mainly due to exercise using CAD software with limited modeling capability, or 
requiring large amount of time for modeling and modification. Even though works and methods of design of the masters of the 
Studio Furniture movement are acclaimed, students perceive them as outdated and impractical. The research focuses on the 
opportunity of reintroducing design study through direct contact with the material in classes of the Faculty of Architecture - 
Furniture specialization. These studies should supplement CAD modeling during design and prototype building. The study 
involves a group of students and young designers and monitors formal language changes that occur when they are required to 
model components for a furniture piece using hand tools. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Introduction 
Industry 4.0 is about to become reality. Examples of previous technological revolutions shows that the transition 
towards the smart factory will be a rapid, irreversible, disruptive and destructive process. In order for designers to 
 
 
* Camil Octavian Milincu. Tel.: +40-744-694-734. 
E-mail address: milincucamil@yahoo.com 
 2015 Published by Elsevier Lt . This is an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Academic World Education and Research Center.
1797 Camil Octavian Milincu and Irina Feier /  Procedia - Social and Behavioral Sciences  197 ( 2015 )  1796 – 1802 
have a chance of succeeding in the new environment it is necessary for them to develop a new set of skills, 
concentrated especially in the interface between environments (real and digital). Clear identification of those skills is 
important in order to adapt the educational process in a timely manner. 
2. The noticed problem 
The study takes its starting point from observations on the workflow and the results obtained by students in their 
final years of furniture and interior design department of the Faculty of Architecture UPT (“Politehnica” University 
of Timisoara). The issue that triggered the research is the surprisingly unrefined design of details for unique pieces 
of furniture. 
The activity takes place in Faculty’s design studio, the project ongoing for a 14 weeks period. Grading is done 
considering the final product (technical project) without requiring tutors to intervene in the methods used by 
students to surpass their intermediate stages. The final design is delivered both in digital format and printed, as well 
as an optional physical model. Analysis was performed on a group of 10 people. 
The students were faced with the issue detected, having their feedback requested on several topics: working 
method in the concept generation phase, refining phases and drawing - 3D model, technical drawings, 
representations, modeling, and estimating the time allocated for different phases. Individually, depending on the 
project solution, they were asked about the opportunity of using alternative methods for perfecting their projects. 
3. The study findings correlated with observations as a supervisor. Identifying the source of the problem 
In the first phase of establishing the concept, 60% had used hand sketches, first on white paper, then moving 
rapidly to overlay tracing paper over a CAD scaled drawing. The reason why respondents preferred this method is 
the speed and flexibility of drawing by hand. Digital direct drawing methods were used by 40% of students. Their 
motivation was the attempt to save the time spent on transferring from paper into the digital environment. 
Without exception, all have used digital media for refining and drafting solution phases. Hand sketches were used 
as means of communication in areas where digital model was not detailed enough. The design process was linear, 
with the support of the 3D model. Only after generating a 3D model advanced enough, they pass to the rendering 
process, coupled with extracting and drafting the technical drawings. The final phase was in great proportion 
unidirectional, without observed situations in which conclusions previously drawn appear to significantly alter the 
initial solution. 
It seems that the real problem lies in the method used by students, which makes them reluctant to change the 
design once a certain level is exceeded. Changes occur only in the early, non-detailed, stages of the 3D modeling, 
using in most cases predetermined elements of software. The process continues until it reaches a scheme that has 
chance of completion at which time the solution’s structure ossifies. This phenomenon can be attributed to the time 
invested and resources needed to implement changes, which result in updating or restoring of the steps taken so far, 
and on behalf of "gaps" that appear when passing from one design environment into another, or even from software 
to another within the virtual environment. 
Time was also identified by students as a major constraint. The changes required following discussions with 
Tutors were reported as frustrating experiences, especially when involving changes of already shaped elements. As a 
consequence, there was a reluctance in presenting the project's evolution, even if taking penalties for not showing 
intermediate stages. All students displayed high time consumption in modeling and representation stages. 
Both from the feedback received from students and from the observations on intermediate stages was noticed the 
unwise consumption of time. The analysis phase of the theme and the stage of generating ideas was finalized by the 
majority in the first 3 weeks of the study. Implementation phase and refining the solution was developed in the 
unfinished 3D model. Their preference to make changes and take final decisions at this stage can be attributed to the 
comfort zone of the students in using the software. The dialogue takes place in computer terms, the student trying to 
adapt the solution to its modeling capabilities. The complaisance within the limits of the software used is worrying, 
and was clearly expressed when they were faced with the possibility of solving a geometry situated outside preset 
patterns. To avoid any changes, the details are solved summarily. Time saved in the clarifying phase is used for 
representation, instead for technical details, in an attempt to compensate for their absence. Unfortunately this is a 
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final stage, and, whatever the outcome, it is no longer possible to integrate the conclusions arising in a timely 
manner. 
Improvement of design processes, other than those occurring in the digital environment, were identified as being 
also time-consuming. There was a common agreement that work done entirely in the virtual media is the most 
efficient from in terms of time required and result quality. The only methods that were considered by students as 
viable possibilities were 3D scanning and rapid prototyping. Physical modeling was labeled as a traditional process, 
old-school, anachronistic with the digital environment. This perception is consistent with the advanced technology 
trends. However, there are some particularities of furniture design, compared to other areas, which renders a design 
process that takes place entirely in a virtual environment to have shortcomings, shortcomings that are accentuated 
when overlapping with a lack of expertise. 
4. Furniture design features 
Over time, the quality of furniture design had a fluctuating character. Peak periods are considered the 
Manufacture, Arts & Crafts and Studio Furniture movements. Alternating periods of decline occur (the industrial 
revolution, modern overproduction period). Their main feature is designers’ disengagement from material and 
materiality. Material separation phenomenon becomes more pronounced in the digital age and this is a concern. 
Although completely digital design processes can be successful in the various fields, the situation is different in 
the case of furniture design. Regardless of the environment in which it operates, the end user is a human being who 
comes in contact with all his senses and experience the materiality of the created object. 
Current methods of digital design create problems because of the way the designer - computer dialogue takes 
place, the problem being in the area of haptic perception and also in the "design flow" - ideation gap as defined by 
Dorta (2008). 
The computer drawing still is not fast and flexible enough to replace sketches on paper. 
The project is perceived through a limited two-dimensional surface. In the case of 3D modeling, the perspective 
is often simulated using unnatural viewing angles. 
Given the way navigation takes place in the model, consisting of continuous translations and rotations, drawings 
shown are not to scale. 
Objects’ representation are made in an artificial way, significantly different from reality: wireframe, solid 3D. 
The problems are exacerbated by the physical limitations of screen representation (antialiasing, resolution, etc.). 
3D modeling is not sufficiently fast and intuitive. Complex commands are needed. Form can only be experienced 
by creating a physical model. This leads to designers’ adjustment to the software in the sense as defined by Serraino 
"form follows software" (Serraino, 2003). 
Rapid prototyping systems, contrary to their name, are not fast. It requires separation from CAD design, 
execution, formal analysis, CAD reintegration and reiteration. There isn’t any access to intermediate stages of the 
physical model, it being made in a single phase. 
There is a communication problem of software integration between different programs or different versions. 
Whilst constant improvements are made especially in the field of human-computer interaction (haptic devices, 
3D projection), they can’t replace direct contact with the material, if not due to technical reasons, then for financial 
reasons. 
We can take advantage of combining digital media with the construction of learning prototypes. In the 
preliminary stages we can use prototypes regarding proof of concept and proof of product. Given the scale of the 
furniture, the prototype can be made using the real material. There are multiple studies attesting superiority of 
physical modeling method. Studies conducted on form study using foam reached refined forms much faster than 
digital modeling, even using 3D printing or CAM procedures. The advantage, besides using tactile component, is the 
speed of implementation, which supports the design flow, and the possibility to make fine adjustments to the shape, 
also verifying it in real time. Using real material in the prototype stage, scale 1:1 may indicate from early stages 
problems that otherwise would perpetuate on to more advanced phases of design. For reasons of resource 
management, including time, it should be considered the realization of the simplest and most inexpensive model fit 
for the purpose. Components or subassemblies can be achieved in this manner. 
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Evolution in this field should be considered as a process of investing analog modeling methods with features 
ensuring easy integration of physical results in the digital environment (Alcaide-Marzal, Diego-Mas, Asensio-
Cuesta, & Piqueras-Fiszman, 2013). 
Unfortunately, efforts are made mainly in the other direction, towards improving software to facilitate modeling 
capabilities. Although valid in other fields, here is limited by the impossibility to properly render materiality. 
5. Experiment - physical model validation 
The experiment probes designers' adaptive capacity over time to the digital environment, namely the ability to 
design elements valid in the real world, surpassing or compensating for the limitations of digital systems. Subjects: 8 
architects and designers with different expertise in the field (2-15 years), all using CAD resources. The theme was to 
design a profile for the edge of a desk. Conditions imposed: beech wood material, thickness 20 mm, area permitted 
for processing having 50 mm in width. It was requested that the project to be drawn in CAD software, without any 
constraints imposed in the solution generating phase. The profiles were then made in the workshop. Using a scanner, 
the profile was overlapped with the CAD model in order to check the correctness of execution. The physical model 
was presented to the designers, having their feedback requested on the overall shape. Without exception, all 
participants felt that improvements can be made. They were present during the implementation of changes, some 
even modified the profile themselves. It should be noted that during adjustments, frequent verifications of the 
surface were made, especially using touch. Differences between the two sections and the observations made by 
participants on the experiment were analyzed. Deviations measured in Phase 1 were within the range of + - 0.15 
mm. 
Designed profiles are shown in Fig. 1. Original (A-H) and revised (A’-H’) profiles. Alterations shown in red. 
Fig. 1. Profile revision. 
Fig. 2. Examples of safe profile tweaking using hand tools. 
Angle modification is possible in small increments using a block plane (Fig. 2a). 
In case of detailed profiles customization is possible by means of filing the blade of a beading tool (Fig. 2b) 
A shoulder plane is used to alter a profile’s features (Fig. 2c). 
Widening of a groove by means of a side rabbet plane (Fig. 2d) 
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a              b 
Fig. 2. (a) A profile revision, (b) D profile revision 
c              d 
Fig. 2. (c) H profile revision, (d) C profile revision 
Quantifying changes based on physical irregularities (dimensions) does not point out the source of the problem. 
To clarify this, each participant presented reasons for choosing to alter the designed profile. 
After analysis, the differences can be grouped into several categories: 
1. modification through major changes to the profile. (profile C, D) adding or removing key elements. Changes 
were justified based on the difference in scale of the finished element or viewing angle. 
2. changes in scale and relation between elements, especially in the area of detailed elements (profile C, E). Visual 
inconsistencies with the imagined/designed CAD model. The most probable cause is wood grain being perceived 
overlapping the designed profile. 
3. minor changes of features consisting in deviations from the angle of 90 degrees (profile A, B). Difference in 
perception between real and simulated angles. Both accenting and diminishing of angled cuts were asked to be 
made. This is very likely caused by the lack of anti-aliasing in CAD programs. This issue requires further study. 
4. changes in sharp edges (chamfer or fillet), less than 1mm (profile A, B, C, E, F). These are sourced from tactile 
perception area, most likely have been omitted in the design. 
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5. minor adjustment of relation between curves and extensive flat surfaces (profile B, H) - tactile and visual 
motivation 
6. adjustment in the convergence between two curves (profile G) - tactile motivation 
Discussions regarding the experiment concluded the following: the method remains valid also in the case of 
design using present digital means, none of the designers managed to produce a completely satisfying profile using 
digital modeling. 6 of the 8 participants in the experiment have labeled it as a pleasant experience, even if it meant a 
split in the design process. The 3 participants who changed the profiles themselves were pleasantly surprised by the 
rapidity of the operation, despite using hand tools. The method was perceived as having potential, provided that 
retrieving and easy integration of physical outcomes in the virtual model will be possible. 
6. Applications of findings in the design studio 
In an attempt to remedy the problem initially reported, the following changes in the progress of the design studio 
are suggested: 
1. Changing the way of evaluation by replacing the final evaluation with rated reports distributed evenly 
throughout the project. The need to shift the focus from the final evaluation on the design process is also confirmed 
by the studies of Anthony (1991). It was noted that students have time management issues in a period of 14 weeks. 
Packet segmentation in 2 weeks with evolution reports containing decision making from one phase to another will 
ensure the maintenance of a normal, but sustained work rhythm. The proposal is supported by studies on differences 
workflow between beginners and experienced designers (Curry, 2014). Another positive effect is receiving 
constructive feedback distributed over time, from one assessing the previous phase to the other, as well as from the 
tutors, and more important generating a designer – solution dialogue. This process of continuous feedback underlies 
aptitude training, a phenomenon presented in detail in the works of Schon (1983, 1984, & 1987) and Kolb and Kolb 
(Kolb, & Kolb, 2005) 
2. Support and encourage the use of 2D or volumetric drawings in generative and exploratory stages, regardless 
of project phase. Although some studies have shown that the process is not strictly necessary (Bilda, Gero, & 
Purcell, 2006; Jonson, 2005) the sketch remains an effective tool, generating results with reduced intellectual 
consumption compared to other methods. 
3. Mandatory realization in the intermediate phases of at least 3 prototypes, suitable for concept phase, formal 
study and materiality/detail. Physical modeling can provide a solution to a number of issues. 
To acquire the ability to shape the material it is necessary to experiment through direct contact, using all sensory 
space dimensions. History, vernacular - craft design is based on material / materiality. Moving designer's 
networking environment in cyberspace (Lawson, 2005) does not deliver benefits, especially during formation. Also, 
there is the temptation to accept the solutions developed in the virtual environment without trying to refine them 
(Lemons, Carberry, Swan, & Rogers, 2010;Asanowicz, 2003). 
Direct, physical modeling is faster and leads to better results (Evans, Wallace, Cheshire, & Sener, 2005), (Yang, 
Epstein, 2005) Speed of execution has as consequence not only time saving but also supports a continuous 
workflow, uninterrupted by the need to move from one representation medium into another (Dorta, 2008) (Sass, 
2006). 
Using both modeling environments leads to increased flexibility and judicious use. Choosing a single method 
(analog or digital) and its exclusive use has negative effects. (Panagiotis, 2008;Oxman, 2006;Demirkan, & 
Demirbasx, 2008). 
Psychologically, modeling experience is satisfying (Gerber, 2012). Making prototypes helps the design process, 
reduces the possibility of deadlock, and strengthens confidence in one’s creative capacities. The student perceives a 
step forward accomplished in case of the project. Given that the modeling is proposed to carry out in the 
intermediate phases, even a failure becomes a source of information for later development. 
4. Removal from the final phase of the project of stages which have the role of sole representation. Photorealistic 
rendering process, which involves the creation of an unnecessarily elaborate 3D model and the final presentation 
model are some of the steps that are most time consuming. Moreover, time consumption is not found in project 
improvements. Subsequently their achievement, it is only possible a review process, and not a feedback. This phase 
should consist in drafting technical drawings, necessary for the transition to the next phase. 
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7. Conclusions 
The future will bring the transition from mass production for mass customization. The development of human-
computer interaction (Virtual Reality, Augmented Reality) along with the Internet ensures communication with the 
end user. In this situation it becomes important that the entire design process to develop in the virtual environment. 
Although apparently possible, this method is more suitable for designer-client communication and not for the actual 
process of design. In order to provide the designers a chance to adapt to the new environment they need to 
experience all possible working methods, to know their advantages and limitations and to use them with 
discernment. The mission is made more difficult by the perception that traditional methods as anachronistic 
compared with the seduction of new technologies, a problem that must be also addressed. 
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